I. INTRODUCTION
However, other researchers discovered a problem with jerk cost, i.e., the jerk-cost value increased as the entire performance time of movement increased (Kitazawa, Goto, & Urushihara, 1993) . In order to address this problem, jerk cost was quantified by methods such as mean squared jerk (Hogan & Sterned, 2009 ) and normalized jerk (Park & Lee, 2005) , which normalized jerk cost to movement performance time. These methods were used to calculate the jerk value of the smoothness theory by normalizing the time spent in performing motions that required different amounts of time for analysis of motion and movement.
In recent times, analysis of jerk has been approached from a different perspective. Hogan and Sterned (2009) indicated that the reason why many studies based on the fundamental principle of jerk (Goldvasser, McGibbon, & Krebs, 2001; Wininger, Kim, & Craelius, 2009 ) showed inconsistent results was because of the sensory-motor dysfunction that each individual has. This theory is based on an assumption that each individual has a varying degree of control over his or her own movement, and because many variables are involved in an individual's ability to control motion and movement, it is difficult to quantify and to analyze jerk collectively or with simple units, or specific variables. One of the methods proposed to address this problem was a dimensionless quantity (Hogan & Sterned, 2009; Lee, Ranganathan, & Newell, 2011) , which was a quantitative method that eliminated a variety of movement variables (e.g.; speed, time, etc.). Hogan and Sterned (2009) applied the dimensionless quantity to a jerk motion, and presented a method for calculating dimensionless jerk that eliminated unit dimensions. Those dimensions were established as motion time and speed that took an expressive movement into account and the jerk theory was reestablished through a method of eliminating the units of these two dimensions.
Recently, there have been studies on quantifying a dance from an aesthetic perspective (Calvo-Merino et al., 2010; Cross et al., 2011; Torrents, Castañer, Jofre, More, & Reverter, 2013) . Bronner and Shippen (2015) trained 18 dancers on three types of motion and dance with speed of developed arabesque motion as the condition. Then, the dancers were divided into two groups and analyzed pre-and posttraining differences by using dimensionless jerk values. The results showed significant difference in dimensionless jerk value based on motion, but no difference was found for group condition.
Ultimately, the jerk-based theory was based on the concept of smaller jerk amount in an individual who was more experienced, which was used in the prediction of smoothness, and this jerk-based theory has been used in dance-related studies, in Korea and abroad, in identifying smoothness of movement Jung & Nam, 2007) . Moreover, performing dance movements is considered as a representative movement expressing smoothness, and prediction of smoothness plays a part in quantifying artistic expressions and has also been used as a kinematic analysis method. However, among studies of smoothness in dancers' movement, one Korean study failed to find a significant difference in jerk values (Park, Kim, & Lee, 2014) .
This study aimed to present the jerk values during while performing dance movements by using three types of jerk-based quantitative methods indicated above and to investigate their differences. For this, there are two hypotheses. First, a more experienced dancer will show difference in performing a movement, even if that movement is the same. If so, the second hypothesis is that in calculating the jerk values that quantify the smoothness of dance motion according to the experience levels, a dimensionless jerk that eliminates the unit conditions in both time and speed of dance performance will have a greater influence on smoothness theory that quantifies dance motion than the other two jerk calculation methods.
II. METHODS

Participants
The participants in this study consisted of 11 dancers, ranging from amateur dancers majoring in traditional Korean dance to professional dancers with 5 to 20 years of dance experience. The physical characteristics of participants were shown in Table 1 .
Kinematic variable measurements
In the experiment, images were acquired using six highspeed infrared cameras (Motion 100) after securing enough space to perform traditional Korean dance motions. The settings were camera speed of 100 field/s, shutter speed of 1/500, frequency of 1,000 Hz, low pass filter of 6 Hz, and amplifier gain of 4,000. By taking the participant's direction of progress as a center, the y-axis was set as forward and backward directions, x-axis as left and right directions, and z-axis as up and down directions. In order to determine the end-point trajectory of arm movement while performing traditional Korean dance motion, ball markers were attached to the tips of left and right fingers (middle fingers). To obtain the best possible position values, a control object point of 1×2×3 m was used for calibration over 1 min.
Motion settings
Traditional Korean dance motions were performed by dancers who were already familiar with Korean dance. In order to select motion with a medium or higher degree of difficulty among traditional Korean dance motions, a difficulty of the lower limb increased and the upper limb motion was set to basic motion that could best express the curved beauty. The lower extremity performed Doldamchae motion (stand on one leg after half-revolution turn), which required dynamics and fast balancing, while the arm motion was set as a motion going from Duichoomhurigamgi to Taeguksun motion (semi-circular motion in taeguk shape with the right hand on top and the left hand below the chest). Although the motion has been divided and illustrated, as shown in Figure 1 , for easier understanding, the jerk value was derived at a continuous motion from 1 to 4. Gutgeori jangdan, a traditional Korean dance rhythm (1, 2, 3, 4 count) was selected as the motion time and the dancers were encouraged to complete the motion set in the study within half jangdan (3, 4 count). Each dancer was given 5 to 10 practice sessions to become familiar with the motion, after which the actual measurements for the motion were taken.
Data processing
Kwon3d XP software was used for calculation of the position data of fingertips (middle fingers) for this study.
For jerk-based measures data processing, position data obtained from three different directions were recalculated as a sum vector, and the jerk values were analyzed using three methods as shown in Table 2 . First, the position vector of a fingertip obtained through motion analysis was differentiated 3 times and the resulting value was squared, then subsequently integrated with respect to motion time to obtain the integrated squared jerk. Second, a mean squared jerk value that took the mean value of jerk cost associated with the total time required to perform the motion was derived. Third, total motion time and speed III. RESULTS
Correlation between time difference and dance experience
As a result of performing the Taeguksun motion (which was selected as the movement to be performed within half jangdan of gutgeori jangdan of Korean dance), a correlation between motion expression time and dance experience was found (r=0.724, p=0.011) (Figure 2 ). 
Correlation between three types of jerk values and dance experience
2) Left hand movement
IV. DISCUSSION
In dance, even with the same beat and motion, a temporal error in movement can occur depending on expression by the dancer. This can be explained by the synchronization of music in dance expressions that can appear when the same music is used, and studies on motion expression error and synchronization are already being con- with the music showed that a group which received dance training (six college students) was able to synchronize to music with a beat better than the group that did not receive dance training (14 college students). In other words, prior studies reported that having more experience in dancing had a significant effect on the timing of motion expression in a dance. Our finding that the timing of motion expression was shorter for a more experienced dancer seems to be consistent with the results of prior studies, when the same motion was performed with the same given beats (r=0.724, p=0.011). The dance motions presented in this study consisted of standing on one leg accompanied by doldamchae (sitting then standing), while performing wrapping the arms behind the back, to Taeguksun motion. This motion is a basic motion in Korean dance with a high degree of difficulty. The motion requires standing on one foot after a half-revolution turn; thus, when a dancer is able to maintain balance on one leg for a longer period of time, the expression can appear to be more stable and skilled. To explain this from an opposing concept; having less dance experience results in expressing highly difficult motion for a short time and expressing a motion with low difficulty for a long time. Therefore, the results in this study that showed that dancers who had more experience had shorter motion time can be interpreted as performing the difficult motion of standing on one foot for a longer period of time to use less time for the motion of sitting and standing, which resulted in a shorter total motion time (motion analysis measured the time taken for standing up completely). Therefore, this study showed a correlation of dance motion performance time based on the experience and skill level of a dancer, and such a correlation is potentially caused by the jerk-based calculation method for predicting the smoothness, which is the primary goal of this study.
In this study, three types of jerk-based calculation methods were used to calculate the smoothness in arm movements of a dancer. A significant correlation based on dance ex- Dimensionless quantification is widely used in the fields of engineering or physics, and in particular, it is used as a solution on how to specify physical properties when the size and scale of such properties are different. As an example, it is similar to the Froude number (ratio of inertia force relative to gravity), and quantification by dimensionless method has been used to predict optimal gait speed under environments with varying gravitational force (Minetti, 2001 ).
Jerk is not the only method to measure the smoothness. The dimensionless jerk calculation method used in the present study considered the dimensions as two factors, in other words motion time and motion speed, and made the calculations by eliminating them, just as in a prior study (Horgan, & Sternad, 2009 ). The first jerk-based calculation method in the present study, integrated squared jerk, did not take into account the two dimensions, while the second calculation method, mean squared jerk, took into account only the dimension of motion time. Ultimately, as shown in the results of this study, for expression of motion by the dancers, speed and distance can be viewed as being separate from a qualitative movement perspective and these two factors must be independent. Finally, the dimensionless jerk method that considers these two factors as being dimensionless seems to be more appropriate for predicting smoothness. Moreover, the present study used calculated dimensionless jerk values to prove that a longer dance experience led to an increase of smoothness in dance expression.
V. CONCLUSION
The present study used three types of jerk-based calculation methods (integrated squared jerk, mean squared jerk, and dimensionless jerk) to calculate and to analyze jerk values for proving the correlation between dance experience and smoothness. As a result, the following conclusions were derived:
1. A correlation between the total time for motion performance and Korean dance experience was found, in that a dancer with longer experience showed shorter time in performing sitting and standing on one leg.
With respect to relating Taeguksun motion of a dancer
to Korean dance experience, longer experience was correlated with an increase of smoothness for dynamic motion and motion requiring large expressions (right hand motion in the present study).
3. The calculation results of integrated squared jerk, mean squared jerk, and dimensionless jerk showed a significant correlation between dimensionless jerk values and dance experience. Therefore, in order to assess smoothness in motion expression of a dancer, it would be appropriate to eliminate the two factors of time and speed of motion.
